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Conventional Heart Rate Variability Analysis of Ambulatory
Electrocardiographic Recordings Fails to Predict Imminent
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Houston, Texas and Boston, Massachusetts
Objectives. The purpose of this report was to study heart rate
variability in Hotter recordings of patients who experienced
ventricular fibrillation during the recording.
Background. Decreased heart rate variability Is recognkx 1 its a
long-term predictor of overall and arrhythmic death after myo-
cardial
infarction . It was therefore posttrleted that heart rate
variability would be lowest when measured immediately before
ventricular fibrillation .
Methods. Conventional indexes of heart rate variability were
calculated from Holler recordings of 24 patients with structural
heart disease who had ventricular fibrillation during monitoring.
The control group consisted of 19 patients with coronary artery
Ventricular fibrillation is recognized as the main cause of
sudden cardiac death in the United States, accounting for
>500,000 fatalities each year (I) . Conventional noninvasive
indicators, such as left ventricular ejection fraction and
ventricular ectopic activity on a Holier electrocardiogram
(ECG), allow the assignment of patients surviving myocar-
dial infarction to general risk categories (2) . However, the
ability of these indicators to identify the patient who will, in
fact, have arrhythmic death, is poor. In addition, these
indexes do not forecast when sudden cardiac death will
occur .
The advent of ECG signal-averaging techniques, used
alone or in combination with conventional predictors of
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disease, of comparable age and left ventricular ejection fraction,
who had nonsustained ventricular tachycardia but no ventricular
fibrillation .
Results. Heart rate variability did not differ between the two
groups, and no consistent trends in heart rate variability were
observed before ventricular fibrillation occurred .
Couclasions. Although conventional heart rate variability is an
independent long-term predictor of adverse outcome after myo-
cardial infarction, its clinical utility as a short-term predictor of
life-threatening arrhythmias remains to be elucidated .
(J Am Colt Cardiol 1993;22 :557-65)
postinfarction death, has somewhat improved the noninva-
sive identification of high risk subjects, but the overall
positive predictive accuracy of these techniques remains low
(3) . Consequently, electrophysiologic testing for inducibility
of sustained ventricular tachycardia (4) has been advocated
as an alternative, but it is invasive and expensive and its
value in identifying high risk patients is controversial .
Recently there has been considerable enthusiasm for
using easily computed, noninvasive measures of heart rate
variability to assess cardiac risk . Some of these measure-
ments are being incorporated into commercial monitoring
systems. Because heart rate variability is dependent on
intact neurocardiac autonomic regulation, a decrease in
heart rate variability may reflect the autonomic dysfunction
associated with cardiac electrical instability . A decrease in
heart rate variability, based on :onventional statistical mea-
sures of variance, is an independent long-term predictor of
overall and sudden death mortality in survivors of acute
myocardial infarction (5-11) . However, the clinical impor-
tance of this index as a predictor of imminent arrhythmic
events remains to be fully defined .
The aim of the present study was to study heart rate
variability in Holier recordings of subjects who experienced
ventricular fibrillation during the recording . Specifically, we
tested the hypotheses that 1) conventional indexes of heart
rate variability decrease significantly during the hours imme-
diately before ventricular fibrillation, and 2) heart rate vari-
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ability is lower in patients with imminent ventricular fibril-
lation than in patients with only nonsustained ventricular
tachycardia.
Methods
Stvdy patients . The ambulatory electrocardiography data
balks of the Section of Cardiology, Baylor College of
Medicine, Houston, Texas and the Cardiovascular Division,
Beth Israel Hospital, Harvard Medical School, Boston,
Massachusetts were searched for original recordings of
subjects who experienced ventricular fibrillation during the
recording period . Retrospectively we identified 24 subjects
with ventricular fibrillation during monitoring who had no
history of prior sudden cardiac death and whose records
were made between 1979 and 1991 . Data on some of these
patients were reported previously (12,13) . Nineteen patients
with coronary artery disease, of comparable age and left
ventricular ejection fraction but without a history of prior
sudden cardiac death, were selected for comparison . Be-
cause nonsustalned ventricular tachycardia was present in
all ventricular fibrillation recordings, control patients were
likewise required to have nonsustained ventricular tachycar-
dia, defined as a a!3-beat run (heart rate 2!100 beats/min)
with a 30-s upper limit of duration on the Holler recording.
Sinus rhythm was the underlying rhythm in both patient
groups. Control patients were not selected &-,a matched-pair
group, but, rather, to demonstrate, as a group, the compar-
ative heart rate variability within a cohort at increased risk of
dying suddenly .
Data recording and processing. The tapes, which had
been recorded using either the Del Mar Avionics 445/445B
reel-to-reel, or the Marquette Electronics analog cassette
dual-channel recorders, were analyzed by a single experi-
enced technician on a 8000 Holler research system (AID
128 Hz) (Marquette Electronics) and overread by a cardiol-
ogist. Beat by beat annotation of normal (sinus) and non-
sinus beats and artifact was performed
during visual scan-
iting of the data. Annotated event files were generated using
the QRSDK program (Marquette Electronics) and were
transmitted to a VAX computer (Digital Equipment) for
further analysis . On the basis of the original beat annotation
aide, secondary files containing only interbeat intervals
between consecutive normal beats were generated . Postec-
topic normal to normal (NN) intervals were included in the
analysis .
Original Holler tapes and QRSDK files were exchanged
with the laboratory of Donald Singer, MD, Reingold ECG
Center, Northwestern University, Chicago to ensure com-
prability of our methods with those of published reports
(14,15)
. Calculations using the same QRSDK files yielded
identical results
. Heart rate variability calculations based on
independent analysis of identical tapes were within 10% of
each other
. This variance is attributable to interobserver
differences in beat annotation and is consistent with reported
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clinical experience with regard to reproducibility of Hotter
tape processing (16,17) .
Heart rate variability measures. The following conven-
tional indexes of heart rate variability were calculated for the
entire Holier recording: 1) global standard deviation (SD)
of all NN intervals (5,7,15,18,19) ; 2) mean of the SDs of
consecutive, 5-min NN interval means (15,18,19) ; 3) SD of
consecutive, 5-min NN interval means (15,18,20) .
Some 5-min segments were rejected because of complete
absence of signal, some because of excessive ectopic activ-
ity and some because of excessive noise. Table I indicates
the percentage of 5-min segments available for analysis (that
is, containing a10 NN intervals) . Although the threshold for
rejection of a segment was arbitrarily set to 10 NN intervals,
26 of the 43 patients had >80% of available 5-min segments
with X100 NN intervals, and 9 had >60% of available 5-min
segments that contained 2: 100 NN intervals. Of the remain-
ing eight patients, seven of whom were patients with ven-
tricular fibrillation, three had X50% available segments with
> 100 NN intervals, and four had X40% such segments . Only
one patient had <40% of analyzable segments with a 100 NN
intervals. Overall, 83% of all 9,113 available 5-min segments
included at least 100 NN intervals . On the basis of the mean
NN intervwl for each tape, an expected average normal beat
count/5-min segment was determined . The number of NN
intervals actually occurring in each 5-min segment divided
by the expected number of intervals serves as an index of
data quality. The average of this index over all intervals was
74.4% for patients with ventricular fibrillation and 84 .7% for
the control patients .
Statistical analysis, Data from the two groups were com-
pared by the Mann-Whitney-Wilcoxon rank sum test and,
where appropriate, the Pearson chi-square test (BMDP
Statistical Software), Median difference, odds ratios and
confidence intervals were determined according to Gardner
and Altman (21) . Nonparametric methods were used be-
cause the variables generally did not exhibit a normal
distribution . Multivariate analysis was performed using lo-
gistic regression . Statistical significance was accepted if p <
0.05. Posthoc examination of statistical power was per-
formed using formulas derived from the pooled-variance r
test with disparate group sizes (ventricular fibrillation, n
24; control, n = 19; alpha = 0.05, beta = 0.8) (22).
Results
Individual patient data are shown in Table I and the
clinical data of the patients in the ventricular fibrillation and
control groups are compared in Table 2
. The clinical data of
the patients with ventricular fibrillation are incomplete be-
cause of the long collection period. Most of the conventional
prognostically important variables were similar in the two
patient groups. Heart failure was more prevalent in the
ventricular fibrillation group, whereas more control patients
had hypertension . More control patients used calcium chan-
nel blocking agents .
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Table 1 . Individual Data of 43 Patients in the Ventricular Fibrillation and Control Groups
A. Patients With Ventricular Fibrillation
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Global SD = standard deviation of all normal to normal interbeat intervals
; LVEF = left ventricular ejection
fraction (%) ;
Mean NN = mean normal to normal interbral interval over entire recording
; M-SD = mean of all
consecutive 5-min SDs of normal to normal interbeat i
ntervals . NA
= not available ; % Data = percent of 5-min
segments included in calculation of M-SD, SD-M, SD-M = SD of 5-min normal to normal interbeat intervals means
;
VP131h = ventricular premature beats per hour
.
Comparison of heart rate variability between these two
ventricular fibrillation occurred
. The overlap in calculated
groups showed that 1) none of the three heart rate variability
values of global standard deviation between the two groups
indexes differed between the two groups (Table 3), and
is shown in Figure 1
. Similar results were obtained for the
2) heart rate variability did not significantly decrease before
mean of the 5-min standard deviations (SDs) and SD of the
I
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
IS
19
20
21
22
23
24
65
29
NA
79
NA
NA
NA
NA
20
46
SI
49
64
NA
N A
28
50
NA
60
20
NA
NA
35
33
811
122
13
5
653
978
676
394
444
894
246
649
749
38
84
33
10
1,300
257
40
105
375
506
54
658
790
712
934
585
1,341
577
740
658
650
708
793
%6
1 .120
718
732
573
912
876
641
440
691
662
609
115 .2
51 .6
53.9
97
.1
34 .3
182
.7
30 .3
76 .7
45 .0
64 .3
48 .1
169 .6
138 .1
107 .5
56.2
34.0
84.0
280.4
85.3
106 .0
13 .4
91 .8
40 .9
75 .1
23.0
31 .5
15.4
75.7
17 .0
148.0
21 .8
63.1
15.7
?8,0
16 .1
510
36 .4
57 .5
34 .6
15 .4
25 .4
162 .6
21 .3
57.4
10.1
35 .9
32.2
11 .9
123 .3
40 .1
51 .8
60 .5
32 .5
131 .7
66 .0
72 .8
53 .6
70 .5
43 .8
198 .9
125 .8
90.3
49 .4
29 .6
75 .9
248 .4
78 .4
102 .3
6 .5
75 .9
18.9
97 .9
97.2
98.8
85.9
96 .4
89 .8
94 .8
55
.2
83.3
90 .7
92 .8
94 .1
84 .9
74 .1
93 .3
69 .2
100 .0
98 .8
76 .8
61 .9
98 .1
93 .9
96 .9
100.0
97 .2
E. Control Patients With Nonsustained Ventricular Tachycardia
1
24 38 964 127 .6
52
.1
114 .4 100 .0
? 43 1 766 68 .1
38 .1 54 .4 100 .0
3 50 29 852
79.4 45 .5 62 .6 100 .0
4 67 114 859
108 .2 52 .3
90.2 99 .5
5 50
188 952 66 .1 27 .1
60 .9 99 .7
6 25
55 589 19,6
8 .9 17 .5 100.0
7 77 45
838 74 .9
32
.6
69.3 80.3
8 62
754 890 73.8
36 .7 65 .8 99.6
9 20
470 591 54
.0 16.4 50.0
100.0
10
29 12
608 36 .3 12 .2 33 .4
100.0
Il
32 I
640 31 .8 14 .7 27.4
100 .0
12
NA 3
424 102 .8 27 .4 183 .3
94.7
13
29 12
607 28 .2 12 .2
24.9 97 .6
14
NA 84
924 89 .0 36 .6
106.3 60 .2
15 NA 217
613 54
.7 20 .5 48 .2
100 .0
16 NA 102
678 40 .5
14 .7 37 .2
100 .0
17 21
11 906 88 .2
57 .8 65 .9
90 .7
18 NA 15
956 93 .2
62 .1 67
.5 100 .0
19 14
1,152 703
62 .5 35 .5
58 .0 92 .4
Mean NN
Case LVEF Interval Global SD M-SD SD-M
No.
(%)
VPB1h (ms)
(ms) (ms)
ims)
% Data
c60
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Table 2
. Comparison of Clinical Characteristics of Patients in the Ventricular Fibrillation and Control Groups*
5-min means, indicating that none of the three conventional
indexes of heart rate variability convey independent prog-
nostic information (Fig. 2). Multiple logistic regression anal-
ysis to predict ventricular fibrillation from the three heart
rate variability indexes did not identify any model with
significant predictive power (all p > 0.1) . Furthermore,
Figure 3 illustrates that indexes of heart rate variability were
similar in both the ventricular fibrillation and control groups
irrespective of whether the patients had had a prior myocar-
dial infarction. We did not adjust our analyses for clinical
variables because of missing data, notably in the ventricular
fibrillation group (Table 2) .
Representative beat to beat interval tachograms from
individual patients are shown in Figure 4. These plots show
that ventricular fibrillation may occur at both relatively rapid
and relatively slow heart rates and with varying degrees of
heart rate variability. Recordings of some patients (Fig . 4, B
and C) displayed near total abolition of heart rate variability
during the I to 2 h immediately before ventricular fibrillation .
We therefore compared (for the ventricular fibrillation group
*Group comparison by Mann•WhitneyWikoxon test for continuous variables . 95% confidence intervals (CI) are given for respective median difference (t)
and odds ratio
. Numeric data are given as median (25th, 75th percentile). $Age of 8 patients not available. lAge of 1 patient not available . UGender for 2 patients
not available . ¶Value not known for 10 patients,
#Value unknown for 5 patients . **Data missing for 6 patients . ttThe duration of the shortest Holler recording
in the ventricular fibrillation grout) was 4 h . Abbreviations
as in Table I .
only) the means of consecutive 5-min SDs of NN intervals
over 1-h time periods at the beginning and immediately
before ventricular fibrillation. Data are displayed in Figure 5 .
Paired comparison by the Wilcoxon signed-rank test failed to
reveal any statistically significant difference (p = 0.49).
Our study had acceptable power (2'8090) to detect group
differences in global SD >43 ms, in the mean of 5-min SDs
>28 ms, and in the SD of 5-min means of >43 ms .
Discussion
We have demonstrated that conventional indexes of heart
rate variability do not change consistently before ventricular
fibrillation and, more important, do not discriminate be-
tween subjects with imminent ventricular fibrillation mid
high risk control patients with an increased risk of dying
suddenly but without ventricular fibrillation during Holter
ambulatory ECG recording.
These results contrast with previous reports of low heart
rate variability immediately before sudden death and in
Table 3
. Comparison of Measures of Heart Rate Variability for Patients With lnuninent Ventricular
Fibrillation (VF) and Control Subjects
*Based on pooled r test with power = 80% and significance (alpha) level = 5%
. Data are given as median (25th,
75th percentile)
. Abbreviations as in Tables I and 2
.
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Ventricular
Fibrillation Group
Control
Group p Value
Median Difference
(t),
Odds Ratio 95% CI
Subjects (no.)
24 19
Age (yr)
56(42.663
61(56, 66)1 0.36
-4t
-15.5
Men/women
14.81 15.4
0 .25 0.48
0 .10
. 1 .94
LVEF (%)
48 (29, 610
30(23 .53)4 0.36 6t -9.22
Coronary artery disease 15**
19 0.063 0.93 0.2, 4.23
Prior infarction
10** 12 0
.63 0.74
0.19, 2 .82
Heart failure
10** 1 0 .0006
20.5
2 .80, 516
Hypertension
3** 10
0 .028 0.19 0.03 .0.85
Medications
Beta-adrenergie blocking agents
3** 7 0 .21
0.35
0 .06, 1 .65
Calcium channel blockers
4** 13 0.0055 0.14 0.0310-59
Digitalis
10** 5 0 .072 3
.38
0 .85.14 .7
Antiarrhythmic agents
6**
4
0 .37
1 .84
0
.41, 9
.00
Duration of Halter monitoring (h) 12 (6, 23)tt 24 (23
.24) < 0 .0001 -lot -16, -2
VFBfli
316 (44, 670) 55 (12. 217) 0 .08 94t -5.391
Heart Rate Variability
Measure
Patients With
Imminent VP
(n = 24)
Control
Subjects
(n = 19) p Value
Median Difference
(95% CI)
Smallest
Detectable
Mean
Difference*
Mean NN interval (ms) ?10 (643, 855)
766 (608, 906) 0.81 -17
(-149, 82) 160
Global SD (ms)
76(46, 107) 68 (40, 89)
0.48 9.0
(-15 .1 . 32 .6) 43
M-SD (ms)
30 (16, 55) 33 (15, 46)
0.66 2 .2
(-10
.1,
15.8) 28
SD-M (Mg)
72 (45, 101) 61(37,69)
0.26 11 .2 (-11 .8,34.3)
43
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Figure 1 . Global standard deviation (SD) of all normal to normal
interbeat intervals on ambulatory electrocardiography does not
distinguish patients with imminent ventricular fibrillation (VF) from
control patients with coronary artery disease and nonsustained
ventricular tachycardia (NSVT) .
sudden death survivors . Martin et al . (19) observed de-
creased heart rate variability in Molter recordings of three
subjects with coronary artery disease who had sudden
cardiac death while being monitored . Magid et al . (20), Fintel
et al . (23) and Ahmed et al. (24) demonstrated that survivors
of cardiac arrest with subsequent inducible ventricular
tachycardiai on programmed ventricular stimulation had sig-
nificantly ower short- and long-term mart rate variability
than that of noninducible age- and gender-matched subjects
Figure 2. None of the three heart rate variability
parameters discriminate between patients with
ventricular fibrillation (closed circles) and control
subjects (open circles) . Scatter plots of heart rate
variability parameters show a strong correlation
between global standard deviation (SD) of all nor-
mal to normal (NN) interbeat intervals, mean of all
consecutive 5-min SDs of NN interbeat intervals
(Mean - SD) and SD of 5-min NN interbeat
interval means (SD - Meat). Loge
transformed
data are shown.
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Figure 3. A history of prior myocardial infarction (M1) does not
dichotomize global standard deviation (SD) of all normal to normal
(NN) interbeat intervals or mean of all consecutive 5-min SDs of NN
interbeat intervals in patients with ventricular fibriillation (VF) and
control ratients with nonsustained ventricular tachycardia (NSVT) .
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V
A
D
F1giwe 4. Individual normal to normal (NN) interbeat interval (top) and
S-min standard deviation (SD) (bottom)
tracings for six subjects who
had ventricular fibrillation (arrow). A to C, Ventricular fibrillation
timing is trot consistently related to heart rate or heart rate variability .
8 and C, Ventricular fibrillation
may be preceded by vinual lack of
variability in heart rate . D, Heart rate variability may temporarily
increase 12 h before ventricular fibrillation . E, Heart rate variability
may gradually increase toward ventricular fibrillation . F, Heart rate
vwiability of a patient who was resuscitated
from ventricular fibrilla-
tion continues to decline after resuscitation
.
Identity of patients with
ventricular fibrillation as in Table
IA: A (Patient 18), B (Patient 2) .
C (Patient 21), D (Patient 14), E (Patient
10), F (Patient 1).
with asymptomatie high grade
ventricular ectopic activity
.
In addition, three recent studies (24-27)
have demonstrated
a correlation between decreased
heart rate variability and
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mortality in survivors of sudden cardiac arrest
. However,
such a reduction in heart rate variability
in sudden cardiac
death survivors may be a consequence
rather than a prece-
dent of the cardiac arrest, as emphasized by Singer et al
. (18)
and as illustrated by our own data (Fig
. 4F)
.
Because heart rate variability measured early after myo-
cardial infarction
(5,7,1!)
is an independent long-term pre-
dictor of sudden and total cardiac mortality, a substantial
decrease in heart rate variability
might be expected during
the hours immediately preceding ventricular fibrillation
.
However, in our analysis
of 24 patients with ventricular
fibrillation, not only did we fail to observe a decline in heart
rate variability preceding ventricular fibrillation, but the
median global SD was, at 76 ms, considerably higher than
the value of 50 ms shown by Kleiger et al . (5) to distinguish
IACC Vol . 22, No . 2
August 9993:557-65
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200
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(ms) 100 .
so
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__7
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Figure S . Comparison of 1-h, 5-min normal to normal interbeat
i iterval means (heart rate variability [HRV]) during the first (A) and
the last (B) hour of the Holter ambulatory electrocardiographic
recording in patients with ventricular fibrillation (VF) . Data are
given as median [25th, 75th percentile] . There is no difference in
heart rate variability between an early (A = 0 .3 10,11 h from the
beginning of the recording) and a late episode (B = 1 .8 [1 .15, 3 .1] h
immediately preceding ventricular fibrillation) . A, 27.9 [13, 491 ms ;
B, 27 .2 [15, 541 ms . Median difference = 0.7 ms (95% confidence
limits, -3.8, 5 .8 ; p = 0 .49, Wilcoxon signed rank-sum test) . Boxes
indicate median values .
postmyocardial infarction patients with poor and good long-
term survival. Although this apparent discrepancy may be
explained by differences in study design and patient selec-
tion in the studies, our observations are consistent with a
recent report of Cripps et al . (7), who also failed to dichot-
omize a postmyocardial infarction group with respect to
subsequent arrhythmic events using the global SD of NN
intervals .
Limitations . Our selection of the control patients, a
group clearly at increased risk for sudden death, is to some
extent arbitrary. The possibility that these patients may not
represent the highest possible risk group should have fa-
vored finding even bigger differences in heart rate variability
between this control group and the group with ventricular
fibrillation . Moreover, the apparently higher prevalence
of heart failure in the ventricular fibrillation group than in
the control group would be expected to further accentuate
any difference in heart rate variability between groups
(28-32) .
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Out study subjects were using a variety of cardiac med-
ications, many of which are known to alter neurocardiac
reflex behavior (33--36) : however their use was compaiable
in both groups except for calcium channel blockers . But
because calcium channel blockers have not been consis-
tently shown to alter heart rate variability (33,34), their
higher representation in the control group probably did not
contribute to the absence of group differences in heart rate
variability .
The present report does not preclude a small group
heart rate variability difference in patients with spontaneous
ventricular fibrillation compared with the control group .
However, despite the wide range of individual measured
heart rate variability in both groups, our trial still had 80%
power to detect a difference in global SD of 43 ms, a
difference in the mean of 5-min SDs of 28 ms . and a
difference in the SD of the 5-min means of 43 ms between the
two groups .
In addition, because ours is the first description of heart
rate variability immediately before ventricular fibrillation,
the definition of a clinically important difference in heart rate
variability parameters in patients with ventricular fibrillation
I3
compared with the control group is uncertain and arbitrary .
Although survivors of cardiac arrest have low heart rate
variability (7,19,20,25-27), a wide range has been reported
(global SD, 29 to 78 ms ; mean of 5-min SDs, 22 to 34 ms; SD
of 5-min means, 32 to 55 ms) . Thus, these values overlap
with data of patients with cardiomyopathy and heart failure
(28-32) (global SD, 60 ms ; mean of 5-min SDs, ?'.7 ms; SD of
5-min means, 87 ms) and stable coronary artery disease
(20,26,27) (global SD, 51 to 120 ms ; mean of 5-min SDs, 40 to
44 ms ; SD of 5-min means, 71 to 87 ms) . Only healthy young
subjects (19,25,32,33) have consistently demonstrated high
heart rate variability values (global SD, 155 to 176 ms ; mean
of 5-min SDs, 75 to 79 ms; SD of 5-min means, 117 to
154 ms).
Finally, our results do not preclude the possibility that
more sophisticated indexes of heart rate variability than
those based on SD may h°tter discriminate between high and
low risk subjects (37-41) . The present study focused exclu-
sively on conventional (time domain) statistics because these
have been widely applied and are being implemented in some
commercial ambulatory ECG analysis systems. It remains
unclear whether frequency domain measures (spectral anal-
ysis) will provide additional prognostic information (25,42) .
Furthermore, the application of spectral analysis to Holter
ambulatory ECG data remains problematic because of unre-
solved questions relative to optimal data set size, nonsta-
tionariness, the type .algorithm and the presence of ectopic
beats (43-45) . A strong correlation between 24-h frequency
domain measures and the easier to calculate, and thus more
convenient, time domain variables has been repeatedly
demonstrated (25,39,42) .
Conclusions. Our detailed heart rate variability analysis
of 24 patients with ventricular fibrillation is the largest
systematic study of heart rate variability and ventricular
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fibrillation performed to date . It demonstrates that conven-
tional measures of heart rate variability do not consistently
change in the hours preceding ventricular fibrillation . Be-
cause low heart rate variability measured immediately after
mycicardial infarction is a recognized long-term predictor of
mortality, further longitudinal studies are clearly warranted
to better define the relation of the time of heart rate variabil-
ity measurement to the time of an arrhythmic event .
Finally, our results do not preclude a possible important
role of th,' autonomic nervous system in the pathogenesis of
life-threatening ventricular tachyarrhythmias
(46) . Rather,
the present data demonstrate that conventional indexes of
heart rate variability may not be sensitive and specific
enough to detect subtle neuroautonomic perturbations .
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